T,able 1 inotropic agents generally do not improve and can even impair prognosis makes one question the rationale of treating chronic heart failure based on haemodynamics. Angiotensin converting enzyme (ACE) inhibitors may well effect their benefits by mechanisms other than vasodilatation.' It is neither sufficient nor necessary for drugs to improve haemodynamics for them to be helpful for treating heart failure. Exercise capacity has been used as a potentially objective assessment of the severity of heart failure and of the effects of treatment. In this respect it seems more successful than haemodynamic measures. Although the degree of impairment in exercise capacity, especially if supplemented by measurements of oxygen consumption, does relate to the level of symptoms, this relation is only modest,7 and agents that improve exercise capacity may have no effect or even an adverse impact on prognosis.8 9 Recently neuroendocrine activation has been used as a marker of the symptomatic severity of heart failure and prognosis. Increased renin-angiotensin system activity is associated with greater benefit from ACE inhibitors.'0 The renin-angiotensin system is however, of little use for monitoring the effects of treatment once the patient is receiving an ACE inhibitor. Plasma noradrenaline has been mooted as an independent predictor of prognosis, but once ejection fraction is considered noradrenaline is no longer a powerful predictor." 12 Plasma noradrenaline correlates well with simple clinical markers of the severity of heart failure such as low blood pressure and tachycardia.'2 Normal elderly people have plasma noradrenaline concentrations in the same range as younger patients with heart failure. 13 For these and other reasons plasma noradrenaline is of limited use. The one marker that can be useful in measuring the response to treatment is plasma concentrations of one or more of the fragments of pro- immediately, after a large myocardial infarction they can reduce mortality.'516 Although the study of left ventricular dysfunction (SOLVD) prevention, which excluded patients who had had an infarct within the previous six months, did not show an effect on survival the trend was favourable.' 7 The studies that have shown benefit have used large doses of ACE inhibitors and this must be the recommended practice until data are available from studies, such as assessment of treatment with lisinopril and survival (ATLAS) and NETWORK, that will determine whether small doses are as effective as large ones. /3 Blockers exert similar relative prognostic benefits after myocardial infarction whether heart failure is present or not, but as heart failure indicates a poor prognosis the absolute benefit is greater when heart failure is present.'8 f3 Blockers also reduce the risks of heart failure developing after a myocardial infarction, particularly in those studies where treatment with ,B blockers was delayed.'8 /3 Blockers reduce the risks of reinfarction and arrhythmias, which may account for their impact on survival. The effects of, blockers on symptoms are controversial but side effects seem less troublesome in asymptomatic left ventricular systolic dysfunction than previously supposed.
Aspirin and warfarin reduce the likelihood of reinfarction or death in asymptomatic left ventricular systolic dysfunction due to ischaemic heart disease. '9 20 Aspirin is the most convenient whereas warfarin is probably more effective, but more risky.
Unless a complicating factor exists such as hypertension, angina, or atrial fibrillation unresponsive to these treatments, vasodilator drugs, diuretics, and digoxin should be avoided. In patients who do not tolerate an ACE inhibitor there is no evidence that substitution with a vasodilator is of value. Calcium antagonists such as nifedipine may be harmful after a myocardial infarction,2' and the data on nitrates are scant. 22 The physician should actively consider withdrawing calcium antagonists and class I antiarrhythmic drugs that have been shown to be harmful in (impending) heart failure.23
Mild heart failure (New York Heart Association (NYHA) class II) associated with left ventricular systolic dysfinction The goals of treatment are generally similar to those for the treatment of asymptomatic left ventricular systolic dysfunction although more attention must be paid to symptoms. Unless contraindicated, patients should receive a high dose of ACE inhibitor,62425 and this should be combined with a diuretic if there is peripheral oedema. For patients who cannot take an ACE inhibitor the combination of hydralazine and nitrates may offer some prognostic benefit although doubt has been cast on the analysis of these results.2627 In patients with mild symptoms ACE inhibitor monotherapy may be tried for two to three months before adding a diuretic. In those with more prominent symptoms a small dose of diuretic can be added at an earlier stage.
Frusemide or bumetanide are the diuretics of choice, as they exert smaller effects on glucose and urate metabolism and cause less hypokalaemia than thiazides. Thiazides may cause more unwanted hypotension and, due to their long duration of action, nocturia and syncope. Thiazides are ineffective if the glomerular filtration rate is low, a common finding in elderly patients.
Although diuretics are probably the single most effective agents for improving breathlessness and ankle swelling associated with heart failure they also cause considerable morbidity, such as lethargy, postural hypotension, metabolic disturbance, and urinary incontinence. Diuretics may also contribute to the mortality of heart failure by activating the renin-angiotensin-aldosterone and sympathetic nervous systems and causing electrolytic disturbances. The mortality in the SOLVD treatment group was about 35%24 and in the SOLVD prevention trial it was only 15%."
The obvious difference between the groups was the proportion receiving diuretics. Although the patients in the SOLVD treatment trial were more symptomatic the ejection fraction, one of the best prognostic indicators, was similar to that found in the less symptomatic patients in the prevention trial (25% and 28% respectively). Diuretics should be used in low doses initially-for example, 20 mg/day frusemide. Neutral endopeptidase inhibitors that enhance the diuretic effects of endogenous atrial natriuretic peptide but suppress the renin-angiotensin system are new diuretic alternatives in development. 28 If the patient is immobile or has problems with incontinence or prostatic disease even small doses of diuretic may be troublesome and alternatives should be considered. The symptomatic benefits of digoxin in mild heart failure and sinus rhythm are modest29 and the effects on prognosis are unknown, but they are possibly deleterious. One promising development is xamoterol, a fl-l-partial agonist, which exerts beneficial effects on all the main symptoms associated with mild heart failure.'0 Although xamoterol increases mortality in patients with severe heart failure,3" at least when initiated abruptly in full doses, studies in mild heart failure have shown the opposite trend.'0 ,B Blockers are also advocated by some for ischaemic heart failure and dilated cardiomyopathy, although more formal trials are awaited.'2" A ,B blocker or xamoterol offers better rate control of atrial fibrillation than digoxin. Xamoterol is especially useful as it controls exercise tachycardia and reduces the frequency and duration of pauses. 34 Interestingly, the results for xamoterol in severe heart failure suggested that long acting (and therefore relatively high dose) ACE inhibitors were associated with a better prognosis than short acting agents, possibly by neutralising the deleterious effects of xamoterol." Similarly, ACE inhibitors seem more effective in reducing mortality among patients treated with diuretics. This suggests that some of the prognostic benefit of ACE inhibitors may be due to their ability to neutralise an adverse effect of diuretics. 17 24 25 Myocardial reinfarction is a major cause of morbidity and death in patients with heart failure and aspirin and warfarin are both effective in preventing reinfarction according to studies of angina and myocardial infarction, although this has not been tested in heart failure. 19 20 Recently there have been concerns over the potential for aspirin to negate the haemodynamic, and possibly prognostic benefits of ACE inhibitors.'6 These questions should be resolved by large studies such as the warfarin aspirin study of heart failure (WASH).
Severe heart failure (NYHA class III or IV) associated with left ventricular systolic dysfunction The primary goals of treatment are to reduce symptoms and morbidity. Although the prognosis is poor, extending a miserable existence by a few months, if there is no hope of a definitive surgical intervention, is of secondary importance.
Fortunately, the optimal regimen for these patients improves symptoms and reduces morbidity and mortality, as ACE inhibitors and diuretics in partnership are the optimal treatment.24 25 About 15% of patients are unsuitable for, or cannot tolerate, an ACE inhibitor. 24 The combination of hydralazine and nitrate may be a useful alternative although the benefits on symptoms and morbidity are poorly substantiated, and their effect on prognosis is in doubt.2' The combination of hydralazine and nitrate is a complex regimen with many side effects and compliance is poor. Flosequinan promised to be an alternative simple regimen, but despite the fact that it proved consistently effective in relieving symptoms and improving quality of life in short-term studies, in long-term studies it increased mortality and admissions to hospital and has unfortunately been withdrawn.
In some centres it is considered unreasonable to put a patient on the waiting list for transplantation without a trial on a /3 blocker. A recent large trial in patients with dilated cardiomyopathy suggested that /3 blockers reduce morbidity although the effect on mortality was not significant.37 Until further information is available it seems wise to reserve,B blockers for patients with concomitant angina. For patients with atrial fibrillation and severe heart failure digoxin is the drug of choice. 38 Antithrombotic strategies need to be considered as for mild heart failure.
Many patients with severe heart failure do not respond to ACE inhibitors and diuretics in conventional doses. The doses of either the diuretic or ACE inhibitor may be increased, or a third agent may be added. The optimal dose of ACE inhibitor is unknown but there seems little to be gained by doses of >20 mg of enalapril twice daily although 50 mg of captopril three times daily could be sub-optimal as it does not suppress angiotensin II throughout the day.39 40 Reducing the dose of the ACE inhibitor may be necessary if severe renal dysfunction develops, but if this has occurred as a consequence of treatment then other options should be reviewed.4'
A dose of frusemide of >1 g/day is one successful alternative for controlling severe heart failure, and the use of diuretic combinations is another. Amiloride and triamterene increase the diuresis produced by loop diuretics alone and are often needed to prevent or correct hypokalaemia. As potassium rises this stimulates the secretion of aldosterone, which reduces the risk of dangerous hyperkalaemia but blunts the natriuretic activity of the diuretic.4' To combine a loop diuretic and an ACE inhibitor with spironolactone may be more effective but has a greater risk of hyperkalaemia.4' Thiazides, not exclusively metolazone, can exert a remarkable diuresis when combined with a loop diuretic. 42 Hypokalaemia and the adverse metabolic profile of the thiazides are drawbacks. The best diuretic combination is unknown but amiloride or triamterene is the safest option for correcting hypokalaemia and the use of thiazides combined with modest doses of loop diuretics rather than very high doses of frusemide is becoming fashionable.
As an alternative or as well as diuretic combinations there are other options, such as an additional vasodilator, inotropic agent, or digoxin, which is both and a diuretic too. 43 The evidence is now fairly convincing that digoxin does exert symptomatic benefit even in sinus rhythm in severe heart failure,38 but it may have adverse effects on morbidity and mortality. The use of vasodilators as well as an ACE inhibitor is unproved.22
Phosphodiesterase inhibitors are not generally available in an oral form. A large study of milrinone indicated that it made patients feel worse and reduced survival,44 but others have shown short-term improvements in symptoms that may be useful in treating very sick patients.45 A study with vesnarinone has identified that at low doses this drug may be effective without an adverse effect on mortality. 46 As the effects of these drugs are enhanced during exercise, but the dose ranging studies were conducted at rest, the surrogate haemodynamic end point may have led to the use of excessive doses.
Atrial fibrillation and heart failure The first decision is whether to cardiovert or just control the ventricular rate. Sinus rhythm producing a regular controlled heart rate and atrial transport is logically the best outcome, and should reduce the risk of emboli. Unfortunately most patients with pre-existing heart failure will relapse into atrial fibrillation within six months of cardioversion, and anaesthesia and electrical cardioversion are not without hazard. About 15% of patients can be cardioverted with amiodarone (200 mg three times daily.47 If amiodarone alone fails then electrical cardioversion and a maintenance dose of amiodarone is appropriate if atrial fibrillation is not longstanding and the left atrium not grossly dilated. If atrial fibrillation persists amiodarone should be withdrawn as less toxic drugs are available for the control of ventricular rate.
Heart rate can be controlled with a /3 blocker or xamoterol35 in patients with mild heart failure or with digoxin in patients with more severe heart failure. Warfarin is better than aspirin for antithrombotic prophylaxis,48 although in elderly patients the risk to benefit ratio may favour aspirin.
Diastolic heart failure
The most important issue is to get the diagnosis right. Diastolic dysfunction is always present when systolic dysfunction is present. Isolated diastolic function is rare in young patients and its reputed high incidence in elderly patients may have more to do with poor diagnosis and undue faith in tests than real disease. None the less, heart failure due to amyloid or hypertrophic cardiomyopathy may present with only subtle abnormalities of systolic function. Diastolic failure may be due to impaired myocardial relaxation or due to infiltration of the myocardium or pericardium causing a constrictive pattern, commonly with fibrous collagen and rarely with amyloid.
Diuretics may be used to relieve oedema but as cardiac output and blood pressure are dependent on high filling pressures, excessive use of diuretics and vasodilators are contraindicated. /3 Blockers impair myocardial relaxation but prolong diastole; their place in the treatment of diastolic heart failure is not proved. No specific drug treatment for the constrictive process exists, but surgery may S 76 group.bmj.com on June 3, 2017 -Published by http://heart.bmj.com/ Downloaded from help in pericardial disease. Digoxin should be avoided in amyloidosis and hypertrophic cardiomyopathy.
Heart failure with angina The heart failure should be treated on its own merits. The ACE inhibitors do not usefully improve and may exacerbate angina ir. patients on high doses of a diuretic where the fall in blood pressure may be considerable. 49 Nitrates are probably the best complement to diuretics, ACE inhibitors, and antithrombotic treatment in patients with heart failure and angina. Sublingual nitrates may be used if angina is infrequent. Once daily long acting nitrates may be used for more severe angina without inducing tolerance.
,B Blockers and xamoterol control exercise induced tachycardia and if gradually introduced may not worsen heart failure. Calcium antagonists should be reserved for those in whom nitrates and fi blockers have failed.
Dihydropiridines are of limited efficacy, diltiazem increases mortality, and although verapamil may not increase mortality if often makes heart failure worse. 50 It is now possible to operate on patients with angina even if heart failure is severe. Intractable angina rather than prognosis is the indication for surgery as the evidence for prognosis is weak. Angioplasty may also relieve angina, although the mortality of the procedure may equal or surpass that of surgery and may not improve, or even worsen prognosis in patients with angina and heart failure.
Heart failure with renal dysfunction If the patient has pre-existing renal dysfunction the dose of the ACE inhibitor should be reduced accordingly. If the ACE inhibitor exacerbates renal dysfunction first try to reduce the dose of diuretic and other hypotensive agents. Increasing arterial and renal perfusion pressure will often reverse renal dysfunction.41 Nephrotoxic agents such as non-steroidal anti-inflammatory drugs should be withdrawn.
Heart failure with ventricular arrhythmias Ventricular arrhythmias are frequent in patients with heart failure and confer a poor prognosis.'2 Implantable defibrillators do prolong life in patients with symptomatic arrhythmias,5' albeit for a limited period, indicating that an effective antiarrhythmic drug should improve prognosis. No study has shown a conclusive benefit from such drugs, but it is clear that class I antiarrhythmic drugs, even after pro-arrhythmia and lack of efficacy have been excluded, shorten life. 23 The best plan is to optimise treatment with diuretics, ACE Heart failure and primary valve disease Surgery is the best option for most patients but many survive for years with valve regurgitation and heart failure, although the risks of operation increase with the delay. The patient must decide whether to take the risk of dying from an operation to increase overall life expectancy. In patients with aortic stenosis diuretics and control of atrial fibrillation are the only options; surgery should be considered even in advanced cases.
Heart failure in elderly patients There is little information on how best to treat those aged over 75, despite the fact that they constitute a large proportion of patients with heart failure. Elderly patients are more likely to have a false positive diagnosis of heart failure or if heart failure is present to have a less common cause such as thyrotoxicosis or aortic stenosis. Yet this is the group who are least likely to be investigated and most likely to have side effects from drugs, especially if not needed.
The evidence available suggests that in those aged 70 to 79 that ACE inhibitors have similar or greater prognostic benefits than in younger patients and that at least some symptomatic benefit is obtained. The incidence of side effects including hypotension, renal failure, and mesenteric ischaemia rise considerably among patients in their eighties and the balance of risk and benefit are unresolved. 53 54 Diuretics are also often poorly tolerated and more likely to cause metabolic disturbances such as hyponatraemia, incontinence, and postural hypotension. Xamoterol may be a suitable alternative for some.
Right heart failure Some patients show signs of predominantly right heart failure, leading to hepatic congestion and decreased aldosterone degradation. Such patients may respond well to spironolactone. Experimental models that suggest that spironolactone also has a specific effect on myocardial fibrosis need to be substantiated.
Acute heart failure Pulmonary oedema, unlike chronic heart failure, responds to measures directed at improving haemodynamics. Intravenous diuretics and nitrates are the combination of choice. Oxygen should be given for hypoxia and diamorphine in small doses to relieve anxiety and breathlessness. If bronchospasm is prominent 250 mg of intravenous aminophylline given over 15 minutes or nebulised salbutamol may be helpful. If rapid atrial fibrillation S 77 group.bmj.com on June 3, 2017 -Published by http://heart.bmj.com/ Downloaded from is present then a glycoside should be used, given intravenously or orally depending on the circumstances. There is no proved advantage to the use of ACE inhibitors when haemodynamics are unstable; if an adverse event occurs it may be impossible to reverse.
Summary
Good management of all patients with heart failure is complex. Fortunately most patients fall into only one or two categories, making management less daunting. Most patients with heart failure need treatment with loop diuretics and ACE inhibitors and for many these drugs, possibly combined with antithrombotic measures, are all that is needed for optimal treatment, but optimal treatment can only follow adequate diagnosis. This needs a partnership between the specialist and the family doctor, with ease of access to non-invasive investigations such as echocardiography.
